Abstract-Mobile robots have made tremendous impact in our modern lives today, and its development is set to continue further. One of the most important domains to allow the interaction of mobile robots with human is its ability to know where it is in its environment, and how to navigate through it. This ability, however, needs algorithm has become more complex and requires high computational ability due to the demand for high accuracy, real time implementations and multi-tasking requirements. These are partly due to the need of multi-sensory system. This paper presents the use of single laser range finder for the mobile robot mapping and localisation system. The localisation algorithm is developed using scan matching method which is incorporated with K-nearest neighbours (KNN) classification. The mobile robot and the developed algorithm are tested in static environment. The results of the location estimation are able to achieve 80% of accuracy for each scan location with the distance range of ±2cm compared to the real location. As conclusion, the simple flow of the algorithm is suitable to replace the complex and high computational algorithm and system.
I. INTRODUCTION
During the last few decades, there has been an increase in the implementation of mobile robot systems to assist humans. The use of mobile robots has also seen successful implementations in various fields, such as home appliances [1] , exploration [2] , search and rescue [3] , tracking [4] and positioning [5] .
Recent studies regarding mobile robot for mapping and localisation system can be considered to have advanced with better technology. The applications are as expansive as mentioned above. This phenomenon occurs with the growing sensing modality technology, computerisation and the advent of new electronic devices. Also, it is expected to grow continuously. The advancement of these technologies allows the mobile robot system to be used in wider research and applications as well as to solve many issue and problems. Even though the new technologies help to solve the mobile robot problems, it is still lacking especially in unstructured mapping, dynamic localisation, and large-scale environment.
There are two core elements in the mobile robot, which are mapping and localisation. Both are usually incorporated together in order to facilitate the mobile robot to move in a particular environment autonomously. For example, in order to move to a target, the mobile robot needs information regarding its position and the target position. Therefore, to get the position information, the environment information is needed. The environment information can be represented in a map form. Based on the map, the mobile robot is able to locate itself in the environment. Also, it can estimate the path to the target. This example shows how the mapping and localisation is important to enable the mobile robot to navigate autonomously in an environment.
The localisation algorithm can be constructed using various methods. Here, there are three preferred methods that always been used, which are the scan matching [6, 7] , probability [8, 9] and Kalman filter (KF) [10, 11] . Based on these three methods, the localisation algorithm can be expanded to be a robust, high accurate and suitable to the applications and environments. For example, there are some researchers that applied the preferred method with classification tool [12, 13] and combine the preferred methods such as the scan matching and probability [6] . The use of these methods typically is depended on the application and environment.
This study presents the localisation algorithm development using the scan matching method. The scan matching is incorporated with KNN for the input sample classification. The algorithm will introduce the use of single laser range finder in order to estimate the mobile robot location. Also, it will utilise reference map to assist the mobile robot location calculation. This algorithm and the mobile robot will be applied in static environment where there is no obvious or fast moving object.
The goals/advantages of this propose algorithm is it may reduce the mathematical complexity and high computational, hence, it may reduce the processing time. Also, it can improve the accuracy of the localisation.
Basically, the key idea of using scan matching method is to determine a displacement vector of two 2D scans, which are taken from two different times, by rotating and shifting the two scans against each other in such a way that the two scans optimally matched. It can be categorised into two methods, which are Point-to-point and Feature-to-feature. The point-topoint scan matching needs two scans compared directly. Some examples of point-to-point method are Iteration Closest Point (ICP) [14] and cluster method [15] .
The classification tool is used to help the scan matching to decide the input sample accurately. This technique has been used by Courtney, J.D (1994) [16] . It also showed high percentage of correctness compared to the technique without classification tool. The classification tool that always been used is based on distance variable, such as KNN and fuzzy.
The work is described in the next section.
II. METHODOLOGIES

A. The Mobile Robot with Laser Range Finder
For this study, a UGV mobile robot with the laser range finder is ready. The mobile robot must have a capability to establish the laser range finder as well as appropriate navigation algorithm.
The specification for the mobile robot system is shown in Table I . The power system is divided into two so that it enable to efficiently and longer time; i. 12 DCV for motor driver and its micro controller, and, ii. 24 DCV for laser range finder and its computer. The wireless part is installed to enable the wireless communication between the mobile robot with the monitoring station.
The navigation has two algorithms; i. for exploration, and ii. for the real implementation. These both carry different kind of flows. The exploration is involved with the work of building reference map. It consists of a straight forward path and movement with 1m distance separation nodes along the path. The nodes along the path is represented the points to scan environment and it is determined early and been set in the navigation algorithm.
The navigation for the real implementation consists of the standard movement such as forward, turn right and left, shortest path estimation, obstacle avoidance as well as the path tracking from the initial location to the target location. For this purpose, the path and nodes for scan are determined based on the result of the reference map. This algorithm will make use the localisation algorithm in order to determine the path and the mobile robot location. 
B. Building the Reference Map
In order to enable the mobile robot to work in an unknown environment, a reference map is required for the localisation. Hence, reference maps must be constructed first wherever the mobile robot is to work. The reference maps will be applied to assist the mobile robot and the localisation algorithm to estimate the mobile robot position in the environment. The steps are as follows;
Set the environment
The studied environment is a research laboratory at the School of Mechatronic Engineering, Universiti Malaysia Perlis as shown in Fig. 2 . The real size of this environment is 12m x 5m. The laboratory is full with equipment and tables. Since this is an exploratory experiment for the construction of a reference map, the scanning of the laser range finder must enable it to reach every single part and curves in the environment. Also, there are no moving obstacles during the exploration experiment. 
Scanning works
In this study, the scanning is done based on the nodes that had been marked in the environment. Once the mobile robot reaches the node, it will automatically stop from moving, then, the laser range finder will scan the area. The scan area is known as segment or local map. Since these maps are going to be the reference maps, it must collect more data in order to get the precise scanning measurement. For this purpose, the scanning is repeated for 20 times for each node. After the completion of scanning for 20 times, the mobile robot will continue to move to other nodes until the last node. The data, which contains the value of angle, distance and quality, are saved in Microsoft Excel format.
Select the segment using MANOVA
Once the scanning works is completed for all the divisions, MANOVA statistical analysis is conducted to test the distribution and dissimilarity of the segments. The dissimilarity is depicted by the p-values of MANOVA [17] and the dendrogram. Then, based on the dissimilarity of the segments, the suitable number of segment for this environment will be presented.
The MANOVA testing results are shown in Table II . All the segmentations have passed the test. In other words, all the segmentation performed successfully with dissimilarity. However, the p-values are too small and approaches zero. Hence, there must be several segments that are closer to each other. This only can be seen by performing dendrogram. Fig.  3 shows the dendrogram for 4, 10 and 16 segments results. The vertical axis indicates the dissimilarity and the horizontal axis represents the number of segmentation. In the dendrogram result, the samples as x-axis represent the segments. The four segments result shows that the segments can be discriminated, but the discrimination is very close for segment 3 and segment 4. For 16 segments, the segment distribution is too close to each other. To put it in another way, the segments are weighed to similarity compared to dissimilarity. 
(c) From the findings, the best result that shows high dissimilarity and acceptable number of segment is the environment with 10 segments. The result shows that they are evenly discriminated among the segments, from segment 1 to segment 10. To conclude, the study will apply 10 segments for the environment segmentation. In this case, it will have 10 local maps. Basically, the high resolution or similarity of segments and many overlapping in scanning may lead to misclassification. Also, the high number of segment will require more time to compute for data processing.
Filtering
In this study, there are two types of filters, which are raw filter and smooth filter, which have been utilised for filtering the laser range finder scanning data.
The raw filter is designed and developed to remove unwanted data which includes the invalid and overshoot data. The design of this filter is basically involved with the distance range of the sensor [18] . It is constructed by setting the interval between the minimum and the maximum of the sensor range. For example, if the maximum range of a sensor is 4m, then, all data that beyond the maximum will be removed. Also, the minimum will set as 0 since there will be no result in negative value. The filter equation is as shown in Eq. (1).
where ( ) is the raw filter output for the -th scanning data.
The smooth filter is used to overcome blank data and to smooth the data set. The blank data does not only exist because of the measurement limitation of the sensor as described earlier, but it also happens when the data is removed by the raw filter. Typically, the smooth filter is designed in time series data that shows the trends or cyclic components. The most favourable smooth filter is a moving average. It smoothen the data by replacing each data point with the average of the neighbouring data points defined within the period. The process is similar to a lowpass filter and the smoothing output is calculated by the difference Eq. (2) where y ( ) is the smoothing output of moving average for the i-th data point, N is the number of neighbouring data points. Fig. 2 shows the situation of a set of data before and after they are processed with the smooth filter.
The filtering result is shown in Fig. 4(a) to (c). Each diagram shows the scanning results for the raw data (left side with the blue colour), as well as when the data has undergoes the raw filter, the smooth filter and the combination of raw and smooth filters (at right side with the red colour). The figure shows the segment 1, segment 3 and segment 5 results. For the raw data results, a lot of noise or overshoot data exist. Therefore, it is a necessary to perform filtering or data preprocessing before further analysis can be done. From here, it is shown that the result from the combined filter is better than others, graphically, with minimal noise and blank area. This would lead to better location estimation. 
The reference map construction
The reference map is constructed to be a global map which is all the local maps must be merged based on their scan nodes location. Fig. 5 shows the global map with raw data and the filtered data.
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III. THE LOCALISATION ALGORITHM
The localisation algorithm involves with a standard of scan matching, k-nearest neighbour (KNN) and triangulation. The scan matching and KNN is used to classify the input sample into its group, and the triangulation is used to calculate the position of the mobile robot in terms of and . This KNN implements Euclidean distance as its distance parameter and majority voting to decide the final result. Normally, the Kparameter is determined by regress analysis. In general, it is chosen not to be a multiple integer of the classes. The flow of the scan matching with KNN and location estimation is as below;
Ready the KNN model with sample class labels, ( , ), Ready the input/unlabelled sample, ( , ) Convert the ( ) and ( ) into ( ) and
Convert the point into and = + cos (4) = + sin (5) where is the distance of the scanning sample, and are the estimation results. Determine the K-parameter. Calculate the Euclidean distance, , for all reference samples in the KNN model, ( , ), with the input, ( , )
where -th and -th is the number of data input sample and data reference sample.
Repeat for all samples in the KNN model. Iteration for the rotation and translation process. Refer the processes in Fig.6 . Ready the Euclidean distance, ( ), results to pass into the decision parameters as shown in Table III. Determine the input classes, ( ) based on the decision parameters. Decide the input class using majority voting. Calculate the mobile robot position ( , ). For , refer to Table IV and can be referred to the rule-based algorithm in Fig. 7. (a) (b) Fig. 6 . (a) The rotation process, the input is altered in angles, and (b) The translation process, the input is altered in term of horizontal and vertical. In this study, a threshold is set up to stop these both processes. 
IV. RESULTS AND DISCUSSION
A test is conducted to verify the ability of the localisation algorithm to estimate the mobile robot position. The test is run by determining the distance between the input sample and the reference sample. Also, it is run without path tracking by the mobile robot. It involves 10 reference locations and 10 trials for each location. In other words, this test involves 100 samples as input. The summation of the distance parameters
The lowest summation of the distances among the local map classes 2
The similar angles of reference and sample data
The highest of the similar angles of the sample among the local map classes 3
The distance range of = ±5cm 
The results are derived by calculating accuracy percentage based on several distance ranges. The distance ranges are used because they can demonstrate how close the estimated mobile robot's coordinate is compared to the real position. The ranges consist of ±1cm ±2cm, ±3cm, ±4cm, ±5cm and ±10cm. Table V shows the mobile robot localisation results. Based on the results, it is apparent that the distance range of ±1cm only achieved 65% accuracy, while other ranges succeeded in getting 85% and above. The results showed that wide distance ranges are able to estimate the input samples with high accuracy. However, the distance range of ±1cm is less accurate due to several reasons, such as the error of scanning results and the error of mobile robot location. Besides, the range of ±1cm is too close to the real location which may contribute to inaccurate positioning during the placement of the mobile robot. As conclusion, the scan matching incorporated with KNN classification can be implemented for the localisation algorithm. This kind of localisation technique was successful to work in static environment. Also, it can be applied with the use of single laser range finder only. The accuracy of location estimation can be considered high because it is able to obtain 80% and above for distance range of ±2cm.
The developed algorithm is not limited to laser range finder, in fact, it also can be applied to mobile robot with ultrasonic sensory system.
